ABSTRACT: This study examined the effects of removing dominant organisms from different types of patches at different heights on a rocky shore in the northwest Mediterranean. It was proposed that preemption of the substratum was a key process in maintaining differences among patches low on the shore, while physical factors were potentially more important at higher tidal levels. In a first experiment we removed barnacles and turf-forming/encrusting algae from areas of substratum just above and below the upper and lower limits of distribution of the red alga. R~ssoella verruculosa, respectively. The experimental plots were either completely cleared, partially cleared (organisms were removed from 50% of the substratum) or left undisturbed [controls). Treatments were replicated In 4 sites (stretches of coastline of 8 to 10 m) above, and 4 sites below, the limits of distribution of Rissoella. This experiment was initiated twice, in July 1994 and January 1995. In a second experiment we manipulated the coverage of RissoeUa in correspondence to its upper and lower margins of distribution. The design of this experiment was similar to the previous one. In this case the experimental units consisted of plots where Rissoella was either completely removed or where only the erect fronds were removed while the encrusting base was left in place, and controls. This experiment was done only once (from July 1994 to July 1996). The results of the 2 experiments indicated that when dominant organisms were cleared from the substratum, other species could either extend their vertical range of distribution occupying areas where they did not occur before, as in the case of RissoeUa, or change their local abundance as in the case of encrusting algae, Rivularia spp , limpets and the recruits of Chthamalus steUatus. With the exception of Rivularia, clearing areas of substratum had similar effects at different heights on the shore. The model that pre-emption of the substratum maintained differences among patches low, but not high on the shore, was not supported by the experimental results. These indicated that pre-emption of the substratum operated independently from other physical and/or biological processes in influencing vertical patterns of distribution. The large variability among sites documented in this study suggested that models of the distribution of plants and animals sho.uld also consider horizontal scales of variation.
INTRODUCTION
Understanding ecological heterogeneity is one of the ultimate goals of the science of ecology. In general, physical and biological processes operate interactively to generate spatial and temporal variability in natural populations and assemblages (Underwood 1985 , Menge & Sutherland 1987 , Danielson 1991 . Natural systems are often described as mosaics of patches, where a patch is a discrete area of the habitat which differs in its physical and/or biological attributes from nearby areas (Pickett & White 1985 , Kotliar & Wiens 1990 . Although the term 'patch' has been used in a variety of contexts and a formal, universally accepted definition is still lacking, the concept makes explicit reference to spatial patterning and provides a useful framework for the study of heterogeneity (Wiens et al. 1993 ). In addition, patchiness may occur at a variety of spatial scales. At the scale of the landscape, spatial mosaics have provided a focus for studies on the effects of habitat fragmentation and its implications for environmental conservation (Turner et al. 1995 , Bender et al. 1998 . At local, within habitat scales, patchiness has provided a framework for the analysis of a number of basic ecological processes, including recruitment (Grosberg 1982 , Gaines et al. 1985 , dispersion and movement (Stamps et al. 1987 , Diffendorfer et al. 1995 , foraging behaviour (Chapman & Underwood 1992 ) and trophic and non trophic interactions (Dayton 1992) . Irrespective of scale, a better understanding of ecological heterogeneity requires knowledge of the processes that generate and maintain discontinuities among patches. It has been argued that experimental investigations at small spatial scales may be useful to predict large-scale processes that are less amenable to formal experimentation (Wiens et al. 1993) .
Early studies on rocky shores described the vertical distribution of organisms in response to the major environmental gradient of emersion, and how these patterns changed with wave action (Stephenson & Stephenson 1949 , Southward 1958 , Lewis 1964 . Vertical patterns were initially thought to reflect the physiological tolerance of organisms to physical factors. Since the mid 1960s, evidence has accumulated indicating the direct setting of upper limits by physical factors (Connell1972, Schonbeck & Norton 1978 , Lubchenco 1980 , Norton 1985 , and the establishment of lower limits by biological processes such as predation (Paine 1974) , grazing (Lubchenco 1980 , Moreno & Jararnillo 1983 and competition, the latter often in the form of pre-emption of the substratum (Connell 1961 , Lubchenco 1980 , Schonbeck & Norton 1980 , Hawkins & Hartnoll 1985 . Other studies, however, indicated that biological interactions, or the interactive effects of physical and biological factors, may provide alternative explanations for the location of the upper boundaries of distribution of some intertidal and subtidal species (Underwood 1980 , Sousa et al. 1981 , Underwood & Jernakoff 1981 , Lubchenco 1982 , Cubit 1984 , Santelices & Ojeda 1984 , Graham 1997 . A problem in deriving general conclusions from these studies is that only in a few cases have the processes influencing the upper and lower boundaries of distribution of a particular species been investigated simultaneously (e.g. Schonbeck & Norton 1978 & Norton , 1980 . This approach would provide additional insights into the roles of physical and biological factors and their interactions in generating spatial patterns on rocky shores.
In the Mediterranean, mid-shore assemblages are dominated by the red alga Rssoella verruculosa (Bertolini) J. Agardh (hereafter Rissoella) which forms discrete patches with distinct upper and lower limits of distribution (Menconi et al. in press ). Other algae. encrusting cyanobacteria (Rivularia spp.) and barnacles, primarily Chthamalus stellatus (Poli), are also common at different levels on the shore. Barnacles are the most abundant organisms above Rissoella, although they are also common within patches of this alga. Below the lower limit of distribution of Rissoella, patches of algal turfs (filamentous algae and articulated corallines), encrusting corallines and the brown crust Ralfsia verrucosa (Areshough) J. Agardh, are dominant (Benedetti-Cecchi & Cinelli 1993 . These patterns, however, are very variable. Rissoella is not always present on the shore, it may occur at different levels on different shores, and sometimes it occurs in mixed assemblages with filamentous and encrusting algae. Temporal dynamics may also differ from patch to patch and from one shore to another (Menconi et al. 1999, Benedetti-Cecchi unpubl, data) .
This study consisted of the experimental removal of dominant organisms at the borders of 3 different types of patches (barnacles at high levels on the shore, Rissoella at mid levels and turf-forming/encrusting algae at low levels), to test for the reciprocal interactions among these dominants as well as for their effects on less abundant species. These experiments tested the general model that pre-emption of the substratum was a key process in maintaining differences among patches low on the shore, while physical factors were potentially more important at higher tidal levels. To examine the generality of the processes investigated, we also tested whether the direction and magnitude of interactions were consistent from one area of the shore to another and through time. This was achieved by replicating the experiments in different sites at different starting dates.
MATERIALS AND METHODS
Study areas. This study was carried out from July 1994 to January 1997 on the exposed rocky shore of Calafuria (43" 28' N, 10" 20' E), south of Livorno, Italy. Experimental areas were established on sandstone platforms distributed along about 1 km of the coast. Several patches of kssoella were located at mid levels on the shore, between 0.1 and 0.4 m above the mean low water level.
Removal of barnacles and turf-forminglencrusting algae. In a first experiment we removed barnacles and turf-forming/encrusting algae from areas of substratum just beyond the upper and lower limits of distribution of Rissoella, respectively. This experiment tested primarily for the effects of intensity of disturbance (control vs half removal vs total removal plots; hereafter referred to as 'disturbance'), position with respect to the margins of distribution of Rissoella (upper vs lower margin; hereafter referred to as 'margin'), site (4 replicate sites) and date of clearing (2 starting dates), on the vertical distribution of Rissoella.
In addition, we also tested for the effects of these factors on the recruitment of barnacles, on the coverage of the encrusting cyanobacteria Rivularia spp., and on the density of limpets. The prediction was that the effects of removing turf-forming/encrusting algae low on the shore were larger than those of removing barnacles at higher levels, where severe physical conditions should limit the establishment of organisms. In July 1994, 16 sites dominated by Rissoella were selected randomly from a larger number of available sites, each one representing a stretch of coastline of 8 to 10 m. These sites were randomly assigned to each of the 2 starting dates of the experiment, July 1994 and January 1995, with 8 sites per date. These dates were chosen as representative of 2 different stages of the life-cycle of Rissoella (but see below). In fact, &S-soella is present on the shore mainly as a crust during the summer, while it has the form of a fleshy, frondose alga, from autumn to late spring (Benedetti-Cecchi & Cinelli 1993 . We tested whether the capabilities of RissoeUa to colonize new patches of substratum changed through time and in relation to the morphology of the alga. We also tested for temporal changes in the establishment of the other organisms. At each date, treatments were established in areas occupied by barnacles just above the upper limit of distribution of &ssoella in 4 of the 8 sites (randomly chosen), and in areas occupied by turf-forming/encrusting algae at the lower limit of distribution of fissoella in the remaining sites. In each site, 3 replicate plots of 7 X 12 cm of each of the following treatments were established: (1) total removal of organisms, (2) removal of organisms from 50% of the surface of the plot, and (3) untouched controls. The half removal treatment was made by subdividing the surface of the plot in 8 sub-quadrats of equal size, and clearing 4 of them chosen at random. This treatment simulated a disturbance event of lower intensity than that necessary to clear a whole quadrat. It was included to test for the effects of space when provided in the form of several small quadrats, as opposed to a single relatively large quadrat. The prediction was that pre-emption of space was more effective in half removal plots (presumably edge effects were more important there) than in total removal plots.
The experimental units were cleared using a hammer and chisel and were marked at the 4 corners with small pieces of epoxy-putty (Subcoat S, Veneziani) for subsequent location.
Removal of Rissoella. In a second experiment, we manipulated the coverage of Rissoella in correspondence to its upper and lower margins of distribution. We tested for the effects of RissoeUa (control vs bases vs total removal), margin (2 levels: upper vs lower margin) and site (4 replicate sites), on the distribution of filamentous and encrusting algae, barnacles and h p e t s . The predicted outcome was a larger effect of Rissoella low on the shore. In July 1994,8 sites dominated by Rissoella were selected as described above and 9 plots of 7 X 12 cm were marked in each site. These plots were located in correspondence to the upper limit of distribution of RissoeUa in 4 sites chosen at random, and in correspondence to the lower limit in the remaining sites. Three replicates of the following treatments were established in each site: (1) removal of the erect fronds of RissoeLla, (2) removal of both erect fronds and the encrusting base, and (3) untouched controls. These treatments were included to test which portion of the thallus of Rissoella, if any, affected the distribution of other organisms on the shore. Erect fronds and bases were removed using a razor blade; care was taken not to damage other organisms during the removal. The experiment was terminated in July 1996. Collection and analysis of data. In both experiments, the percentage cover of sessile organisms was estimated in an area of 5 X 10 cm in the centre of each plot using a rubber frame with a grid of fifty 8 X 8 mm holes. The abundance of limpets was estimated by counting the number of individuals present in whole plots; only animals larger than 6 to 8 mm were considered. These organisms were sampled almost every 2 to 3 mo for 2 yr. Sampling was not possible in November 1995 and October 1996 due to rough weather. Recruitment of barnacles was also estimated on 1 occasion. Barnacles recruit mostly during the summer on these shores (Benedetti-Cecchi et al. unpubl. data). In July 1995, plots of both experiments were photographed with a Nikonos 5 camera and close-up lens. Recruits (spats and recently metamorphosed barnacles) were counted by examining the slides under a dissecting microscope. Only the scraped sub-quadrats were monitored in the half removal treatment. To standardise the sampling surface, similar sub-quadrats were sampled in control and total removal plots.
Data were analysed using analysis of variance (ANOVA). In the first experiment, 'Disturbance', 'Margin' and 'Date' were fixed, orthogonal factors, and 'Site' was random and nested in the interaction Margin X Date. For the analysis on Rissoella, 'Date' was treated as a fixed factor because different dates corresponded to 2 distinct morphologies of the alga (encrusting bases vs erect fronds). For the other organisms, 'Date' was fixed because each date corresponded to a particular season (summer vs winter). However, it is worth noting that this design confounded differences in morphology of Rissoella with temporal changes. In addition, the experiment should have been repeated more than once for each period characterized by a particular morphology, to avoid problems of pseudoreplication in time. Replicated dates within periods were also neces-sary for a correct analysis of seasonal effects. These problems will be considered in the interpretation of the results. With the exception of the recruits of barnacles (sampled only in July 1995), analyses were done on average values of the abundance of the target organisms over the last 4 times of sampling. This allowed a better comparison among treatments initiated at different starting dates. In fact, single-date comparisons of plots of similar age but cleared at different times (July 1994 vs January 1995), would have confounded eventual differences due to the time of clearance with temporal differences among plots at the time of sampling. The last 4 times of sampling covered a comparable period of about l l mo for both starting dates.
In the second experiment, 'Rissoella' and 'Margin' were treated as fixed, orthogonal factors, while 'Site' was random and nested within 'Margin'. With the exception of barnacles, analyses were done on data averaged over the last 5 dates of sampling.
SNK tests were used to separate means (at a = 0.05) following significant differences among means in the ANOVAs. Cochran's C-test was used before each analysis to check whether variances were homogeneous. When necessary, percent cover values were arcsine or square-root transformed, while densities were log or square-root transformed.
RESULTS

Removal of barnacles and turf-forminglencrusting algae
Rissoella could extend its vertical range of distribution both upwards and downwards when neighbours were removed (Fig. 1A) . Although the mean percentage cover of this alga never exceeded 10 9 4 , patterns of colonization in the experimental clearings differed in relation to disturbance and the date of clearing. In general, plots that were completely scraped supported a larger cover of this alga than the other treatments (Fig. 1A) . Also, Rissoella was more abundant in plots cleared in summer than winter, both at hlgh and low levels on the shore. This pattern was evident during the early stages of the experiment but disappeared later. The analysis on percentage cover values averaged over the last 4 dates of sampling revealed no effects of date of clearing (Table 1) . Rather, there was a significant Disturbance X Site interaction, indicating that the effects of removing sessile organisms beyond the limits of distribution of Rissoella were not consistent from one place of the shore to another (Table 1) . SNK tests, however, often failed to detect differences amongst means, probably due to the patchy colonization of Rissoella. The response of this alga to the experimental clearings ranged from 0 % in some sites to nearly 50 % in some plots of other sites.
Rivulana was initially present In the plots established above and below Rissoella. These cyanobacteria recovered quickly in scraped plots, but the patterns of colonizat~on changed in relation to margin and date (Fig. TB) . For treatments initiated in summer, percentage cover values in scraped plots converged to those in unscraped ones in a few months, both at the upper and lower margins (Fig. 1B) . In contrast, for treatments initiated in winter, the patterns of establishment of Rivularia depended very much on which margin was considered. The controls above Rissoella supported a relatively large cover of cyanobacteria (about 35%), and only plots which were partially scraped converged Table 1 Analysis of variance on mean abundances of organisms beyond the upper and lower margins of distribution of Rjssoella. Tests of sources of variation involved in significant higher-order interactions are not presented because there are no hypotheses related to them (Underwood 1997 to the unmanipulated ones. Colonization of Rivularia was more intense at the lower margin, where scraped plots supported a larger cover of cyanobacteria than the other treatments during most of the experiment (Fig. 1B) . These patterns resulted in a significant Disturbance X Margin X Date interaction (Table 1 and SNK tests). There were also significant differences in the percentage cover of Rivularia from site to site (Table 1) .
Removing barnacles above and turf-forming/encrusting algae below Rissoella increased the local abundance of limpets (Fig. 2) . In general, plots that were completely scraped supported a larger density of these herbivores than the other treatments. However, despite a significant effect of Disturbance (Table l ) , the SNK test could not discriminate which means differed. Limpets were significantly more abundant at low than 5 0~ Date 2 d high levels on the shore and significant differences also occurred among sites (Fig. 2, Table 1 ).
Removing sessile organisms beyond the upper and lower limits of distribution of Rissoella had no effects on recruitment of barnacles (Fig. 3) . Although there were significantly more recruits of Chtharnalus spp. at high than low levels on the shore, the intensity of recruitment was very variable and changed significantly from site to site (Table 1) .
Removal of Rissoella
The filamentous algae were significantly more abundant at the lower margin of distribution of Rissoella but were unaffected by the removal of this alga (Fig. 4A, Lower margm ~$ . i f j P P j i r i j hi P j S f j 6 Date 2 Table 2 ). In contrast, RissoeUa had significant effects on both the encrusting coralline algae and Riwlaria (Fig. 4B ,C, Table 2 ). There were more encrusting coralline algae in control plots than in plots where either the fronds or the fronds plus the bases of Rissoella were removed (Fig. 4B) . Although there was no significant effect of Rissoella in the analysis of variance = 3.19, p = 0.07, see Table 2 ), the SNK test revealed a significant larger cover of encrusting coralline algae in control plots than in the other treatments, which did not differ significantly. The abundance of these algae also differed significantly from site to site (Table 2 ). In contrast, RissoeUa had significant negative effects on Rivularia, both at the upper and lower margin (Fig. 4C , Table 2 ). The SNK test indicated that the percentage cover of cyanobactena was significantly larger in plots where both the fronds and the bases of Rissoella were removed than in plots where only the fronds were eradicated. These plots, in turn, supported significantly more cyanobacteria than the controls. The removal of Rissoella had no effects on the percentage cover of barnacles, nor on the density of limpets. For each of these animals, abundances at the upper margin of Rissoella were similar to those observed at the lower margin (Fig. 5 ). There were highly significant differences among sites for both these organisms (Table 3) . Despite the lack of long term effects of Rissoella on the percentage cover of barnacles, the establishment of these animals was strongly influenced by the presence of the alga (Fig. 6) . The removal of both the fronds and the bases of Rissoella significantly enhanced recruitment in comparison to the other treatments (Table 3 occupying areas where they did not occur before, as in shore. With the exception of Rivularia, there were no the case of Rissoella, or change their local abundance significant Disturbance X Margin or Rissoella X Margin as in the case of encrusting algae, Rivularia, limpets interactions in the analyses. Thus, the model that preand the recruits of Chthamalus. Clearing areas of subemption of the substratum maintained differences stratum had similar effects at different heights on the among patches low, but not high on the shore, was not 
gested that physical factors associated with aerial exposure were not the proximate factors limiting the vertical extension of Rissoella. These biological processes were, however, variable from place to place, as indicated by the significant Disturbance X Site interaction. The response of Rissoella to the experimental clearings was negligible in some sites and large in others. This suggested that the effects of removing neighbours from the substratum could depend on physical and/or biological processes that changed along the Table 3 . Analysis of variance on mean abundances of animals at the upper and shore, than the lower margins of distribution of Rissoella. 'p < 0.05, "p < 0.01, "'p < 0.001 gradient. Variability from place to place could reflect slight differences in the aspect of the substratum, in exposure to waves and in solar radiation. Alternatively, the variable response of kssoeUa might be due to variabhty in patterns of recruitment of this alga, a process that is under the influence of a combination of physical and biological factors on its own (e.g. Menge et al. 1993) . Limpets, although potentially important for other algae, have no relevant direct effects on Rissoella (Benedetti-Cecchi & Cinelli 1993, 1997, Benedetti-Cecchi unpubl, data). supported by the experimental results. Rather, the Apparently, Rissoella was more prone to colonize results indicated that pre-emption of the substratum new patches of substratum as a crust during the sumoperated independently of physical and/or other unmer months, although the differences between dates tested biological processes (e.g. grazing) that might disappeared with time. This suggested that vegetative have affected the vertical patterns of distribution. In propagation was important in this alga, since the reprocontrast, level on the shore per se, and the differences ductive structures develop on the erect blades (Feldamong sites, accounted for most of the variation in mann 1937). However, these results were confounded patterns of abundance of algae and invertebrates.
by the lack of replicated dates within seasons and Biological processes were clearly important in setting further research is needed to clarify these patterns. the upper and lower limits of distribution of Rissoella and There was also a trend for Rissoella to be more in maintaining spatial heterogeneity at different levels abundant in total removal than half removal plots, sug- gesting that pre-emption of the substratum was more effective in small clearings. As a possible explanation, the turf-forming algae might have re-invaded the experimental plots through vegetative propagation from the margins, so that the small clearings remained suitable for colonization by Rissoella only for short periods (e.g. Sousa 1985) . If this was the case, then the response of Rissoella to the provision of cleared space can be enhanced by using plots of a larger size than those employed in the present experiment. This prediction can be tested in future experiments. The removal of turf-forming/encrusting algae increased the abundance of Rivularia at low levels on the shore. In contrast, the removal of barnacles had no effects at higher levels. These results supported the model that pre-emption of the substratum and physical factors were key processes in influencing the spatial distribution of cyanobacteria at low and high levels on the shore, respectively. However, these patterns were not consistent from date to date: significant effects of the turf-forming/encrusting algae were detected only in the experiment initiated in winter. This variability probably reflected short-term temporal changes in the abundance of Rrvularia, rather than true seasonal effects. In a previous study on the same shore (Menconi et al. 1999) , we found that cyanobacteria fluctuated considerably in abundance at small spatial and temporal scales, probably as a consequence of variable patterns of recruitment, growth and mortality of these organisms.
That limpets require areas of cleared substratum for adhesion and grazing is well established (e.g. Underwood & Jernakoff 1981), so the fact that removing sessile organisn~s increased the local density of Patella may not be very surprising. However, it is interesting to note that the removal of barnacles was done in proximity to the upper limit of distribution of limpets on the shore, and in particular of Patella rustica (see also Menconi et al. 1999) , and that the effect of this manipulation was comparable to that observed after the removal of turf-forming/encrusting algae lower down. In addition, the response of limpets to these treatments was consistent in time. These outcomes did not support the model that the upper limits of distribution of mobile organisms living at high levels on the shore, but at the lower border of an unexploited resource, are set by physical factors (Wolcott 1973) . Patches of microscopic algae and filamentous macroalgae often develop in areas of the shore above limpets and occupied by barnacles (Benedetti-Cecchi pers. obs]. Although the availability of these resources is often unpredictable, the unsuitable habitat provided by barnacles appeared to be the main factor preventing limpets from exploiting these patches, rather than the effects of physical stress (Benedetti-Cecchi unpubl. data).
The effects of removing Rissoella differed to some extent from those discussed above, but still supported the conclusion that pre-emption of the substratum by a dominant species had similar effects at different tidal levels in this system. In general, the effects of removing the whole plant of Rissoella were larger than those resulting from the removal of the erect fronds alone, indicating that the encrusting base of the alga played a role in preventing the establishment of other organisms. The percentage cover of Rivulana increased significantly when Rissoella was completely removed from the substratum, both at the upper and lower margins of distribution of this alga. In contrast to what was observed after clearing plots of barnacles or turf-forming/encrusting algae, the removal of Rissoella had no effects on limpets. Also the filamentous algae were unaffected by this treatment. The lack of a significant effect of Rissoella on limpets was in agreement with the results of a previous analysis on the spatial and temporal patterns of distribution of these grazers (Menconi et al. 1999 ). This analysis did not identify any significant correlation between the density of limpets and the presence of Rissoella on the shore.
In contrast, the removal of kssoella significantly decreased the abundance of the encrusting algae, as indicated by the SNK tests. Possibly, the fronds of Rissoella reduced the effects of solar radiation and desiccation, providing better physical conditions for the encrusting algae. Interestingly, the effects of RissoeUa were similar at the 2 margins, although the encrusting plants were significantly more abundant in correspondence to the lower one. This indicated that physical factors probably played a major role in limiting the distribution of these algae high on the shore, but that these factors operated independently of the presence of Rissoella. Overall, these patterns contributed to the view that positive interactions can be important determinants of the structure of assemblages in stressful habitats (Bertness & Callaway 1994) . In an experimental analysis on factors influencing the vertical distribution of intertidal species on rocky shores in New England, Bertness & Leonard (1997) concluded that positive interactions were as important in maintaining the upper limits of distribution of dominant species as negative interactions were in setting the lower limits. As argued by Bertness & Leonard (1997) , among others, positive interactions should be explicitly included as causal processes into models that seek to predict and explain the patterns of distribution of natural population~ in stressful habitats.
In contrast to the experimental clearing of adult barnacles and turf-fornling/encrusting algae, the removal of Rissoella significantly increased the number of recruits of Chthamalus, although it did not affect the percentage cover of these animals. These patterns sug-gested that Rissoella exerted both positive and negative effects on barnacles. Possibly, although b t i n g the initial establishment of cyprids, this alga increased the survival of those animals that recruited beneath its fronds (see also Hawkins 1983) . This would explain why the increased recruitment in cleared plots did not translate into a larger percentage cover of barnacles in the absence rather than in the presence of Rissoella. While the negative effects of Rissoella might reflect a reduced chance for larvae of barnacles to find a suitable substratum for settlement, the mechanisms underlying the positive effects of this alga were more difficult to identify. The removal of Rissoella might have increased physical stress, enhancing the mortality of recruits of Chthamalus. As an alternative explanation, the increased mortality of barnacles could reflect a density-dependent mechanism of regulation of these populations which was unrelated to the presence of Rissoella (e.g. Connell 1985) . Increased predation in the absence of Rissoella might also account for these differences, although predators of barnacles were uncommon in the study system. Clearly, more research is needed to distinguish among these alternatives.
One of the main assumptions in many studies about spatial heterogeneity is that ecological systems are organised as mosaics of patches that are separated by distinct boundaries (Wiens et al. 1985) . Thus, understanding ecological heterogeneity requires knowledge of the processes that maintain discontinuities among patches. One might argue that the relevance of this approach is proportional to the discreteness of the boundaries between adjacent patches. This, in turn, depends on how a patch is defined. In the present study a patch was identified on the basis of the dominant organisds that occupied a particular area of the substratum. The boundaries that could be unambiguously idenbfied using this definition were only those provided by the upper and lower margins of distribution of Rissoella (see also Menconi et al. 1999) . Borrowing the terminology from landscape ecology, these boundaries were 'permeable' to most of the animals and plants that dominated above and below Rissoella. The spatial distribution of these organisms was influenced by Rissoella, but their limits of distribution did not coincide with those of this plant.
These patterns suggested that patchy habitats such as rocky shores, may be described more realistically as environments where only some conspicuous species form patches with distinct boundaries, while changes in abundance from place to place occur gradually and independently for most of the other organisms. This was the case for the system considered here (see also Menconi et al. 1999) . The large differences among sites observed In the present study also indicated that confining the analysis of spatial heterogeneity at locations where apparent or real boundaries occur is limiting. In addition to focusing on factors maintaining boundaries between patches, the analysis of spatial patterns should also consider models of the distribution of animals and plants that explicitly embrace a hierarchy of spatial scales (Kotliar & Wiens 1990 , Wu & Loucks 1995 , Underwood & Chapman 1996 . This would increase our understanding of the processes involved in generating spatial differences in the abundance of populations on rocky shores.
